The high luminosity upgrade of the Large Hadron Collider (HL-LHC) at CERN is ex- 
Introduction
son fusion processes, and jets produced by pileup interactions will be degraded. The 32 ments for calorimetry have been reported in Refs. [1] [2] [3] [4] [5] . In this article, we describe the 48 continuation of this program of study using a calorimeter prototype employing a 300 µm 49 thick silicon pad sensor of 6×6 mm 2 size as the active element. Silicon-based calorimeters 50 have recently become a viable choice for future colliders due to the radiation hardness of 51 silicon, and the ability to construct highly granular detectors [6] . An important example 52 is the forward calorimeter proposed for the CMS Phase 2 Upgrade [7] . We study the 53 timing properties of silicon-based calorimetery using a prototype composed of tungsten 54 absorber and a silicon sensor produced by Hamamatsu [8] . A similar test was previously 55 conducted at the CERN North Area, with a lead absorber followed by silicon sensors of 56 120-320 µm thickness [9] .
57
The paper is organized as follows. The signals from the silicon sensor were amplified by two fast, high-bandwidth pre- is presented in Figure 4 . A differential Cherenkov counter is located further upstream of 104 our experimental setup and provides additional particle identification capability. More 105 details of the experimental setup are described in our previous studies using the same 106 experimental facility in references [1] [2] [3] [4] . 
Test Beam Measurements and Results

114
Measurements were performed in 2015, using the primary 120 GeV proton beam, and to measure the response along the longitudinal direction of the electromagnetic shower.
120
The radiation length of tungsten is 3.5 mm, and the Moliere radius is 9.3 mm. The 121 tungsten plate size is sufficient to fully contain the shower in the transverse dimension. The CAEN digitizer is voltage and time calibrated using the procedure described in 
141
After imposing the electron identification requirements the electron purity is between
142
80% and 90% for all beam conditions. The purity was determined by comparing the 143 calorimetric measurements with those from the Cherenkov detector.
144
We begin by establishing the signal characteristics of a minimum-ionizing particle 
150
In Figure 7 , we show silicon sensor response to 120 GeV protons and 8 GeV elec-151 trons without any absorber. We observe very similar response for these two cases, and studies we normalize all charge measurements to the 120 GeV proton signal, which we 159 refer to in the following as Q MIP .
160
We study the response of the silicon sensor to electron beams of various energies The distribution of charge integrated in the silicon sensor is shown for a beam of 120 GeV protons (left) and 8 GeV electrons (right) without any absorber upstream of the silicon sensor. These conditions mimic the response of the silicon sensor to a minimum-ionizing particle. All triggered events were used in these distributions.
energy. In Figure 8 , we show an example of the integrated charge distribution measured 165 in the silicon sensor after 6 radiation lengths of tungsten, for runs with 32 GeV electrons.
166
We show the mean and RMS of these distributions as a function of incident electron beam 167 energy in Figure 8 . The uncertainties plotted show the RMS of the charge distribution. range from 4 GeV to 32 GeV after 6 X 0 of tungsten absorber, as shown in Figure 10 .
215
We also measure a longitudinal shower profile in Figure 11 that is consistent with similar 216 past measurements.
217
Our results show that the time stamp associated with electromagnetic showers in- 
